Introduction {#sec1-1}
============

Astrocytomas are the most common primary tumor in the central nervous system (CNS).\[[@ref1]\] It constitutes a wide range of neoplasms that differ in their location, age distribution, growth potential, extent of invasiveness, and tendency for progression.\[[@ref2]\]

The diagnosis is primarily based on histopathological criteria defined by the World Health Organization (WHO) that grades astrocytomas as pilocytic astrocytoma (Grade I), diffuse astrocytoma (Grade II), anaplastic astrocytoma (Grade III), and glioblastoma (Grade IV).\[[@ref3]\]

The histopathological examination still serves as the gold standard for making the diagnosis of astrocytoma and is thus fundamental for prognostication and therapeutic management of these patients. However, the current classification scheme is not optimal because of several parameters including tumor heterogeneity, sampling errors, poor reproducibility, and those tumors with common histology that can be genetically different.\[[@ref1]\]

Measurement of proliferative activity is important in determining the grade, recurrence span, and malignancy of astrocytoma. For these reasons, additional markers are needed to improve the diagnostic and prognostic accuracy.\[[@ref3][@ref4]\]

Ki-67 is a nuclear marker used to demonstrate the proliferative phase of cell cycle. It serves as an important supplemental tool in the diagnostic and prognostic evaluations of human astrocytomas and also to plan the adjuvant therapy. However, due to a greater spread of values between the various grades of astrocytoma, Ki-67 alone cannot be used as a diagnostic factor but should be used in combination with established criteria of histological malignancy.\[[@ref2]\] Histopathological grading may, however, over- or under-rate the actual biological behavior of astrocytomas. Thus, immunohistochemical evaluation may prove to be a vital supplementary tool for diagnostic and prognostic purposes.\[[@ref5]\]

Although distinction between astrocytomas with a good prognosis and astrocytomas with a poor prognosis can often be made on histological features, for some tumors, histological differentiation is not clear, especially when only small fragments of tissue from stereotactically guided needle biopsies are available. It is for this reason that more objective criteria for predicting the prognosis of brain tumors are required. In recent years, the value of antibodies to proteins expressed in proliferating cells, such as Ki-67, has been investigated in astrocytic tumors.\[[@ref1]\]

In this study, we studied the distribution of Ki-67 labeling index (LI) in various astrocytomas and correlated with the different WHO grades in a South Indian tertiary care center.

Patients and Methods {#sec1-2}
====================

This study included thirty patients with astrocytic tumors of varying grades. Ethical clearance from the Institutional Ethical Committee was obtained. Surgically removed brain tumor tissues were fixed in formalin followed by paraffin embedding and staining with hematoxylin and eosin (H and E). All the cases were reviewed appropriately and graded using the WHO criteria published in 2007.

Antigen retrieval was done using sodium citrate buffer (0.01 M; pH, 6.0). Monoclonal antibody Ki-67 was used for Ki-67 antigen detection by the standard streptavidin-biotin technique (biogenix). A section from a reactive lymph node was taken as a positive control whereas sections treated with Tris buffer solution instead of primary antibody were used as negative control.

Brown granular nuclear reactivity was taken as positive. Immunostaining was evaluated in the fields consisting of regions of the tumor having the greatest number of immunoreactive cells as assessed qualitatively at the low-power examination. Where an uneven distribution of immunohistochemical labeling was evident, fields from the area of maximal labeling were chosen for counting. In glioblastomas, areas of sections free from necrosis or capillary endothelial proliferation were selected. The Ki-67 LI was the number of Ki-67-labeled tumor nuclei expressed as a percentage of a total number of tumor nuclei counted using high-power objective of the microscope (×400). A total of at least 1000 tumor nuclei were counted in each case.

Statistical analysis {#sec2-1}
--------------------

Data were analyzed using statistical software package SPSS Inc. Released 2007. SPSS for Windows, Version 16.0. Chicago, SPSS Inc. One-way ANOVA was employed to examine the correlation of Ki-67 as a continuous variable with tumor grade and correlation of Ki-67 as a categorical variable was determined by Chi-square test. Data were expressed as mean. *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

In the present study, thirty cases of astrocytomas with ages ranging from 6 years to 75 years (mean age of 48.83 years) were studied. Males were affected predominantly with a male to female ratio of 1.72:1.

Among the 30 cases, 11 (36.7%) were located in the right frontal lobe, 6 (20%) in the left frontal lobe, 3 (10%) in the right parietal lobe, 3 (10%) in the left temporoparietal lobe, 2 (6.7%) in the right temporoparietal lobe, and 1 (3.3%) each in the fourth ventricle, left parietal, right frontoparietal, parieto-occipital, and cerebellar lobes.

The most common histological grade of astrocytic tumors in the present study was Grade IV -- 16 cases (53.3%) followed by Grade II -- 7 cases (23.3%). Grade I and Grade III constituted 3.3% (one case) and 20% (six cases), respectively. The results with regard to Ki-67 LI of varying grades are summarized in [Table 1](#T1){ref-type="table"}.

###### 

Ki-67 labeling index in various grades of astrocytomas
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The Ki-67 LI increased with increase in the grade of the tumor. The mean Ki-67 LI of Grade II \[[Figure 1](#F1){ref-type="fig"}\] was significantly lower when compared to Grade III \[[Figure 2](#F2){ref-type="fig"}\] (*P* \< 0.001) and Grade IV \[[Figure 3](#F3){ref-type="fig"}\] (*P* \< 0.000). The difference of mean in Ki-67 LI of Grade III was not significantly lower when compared to Grade IV. Considerable overlap was noted in Ki-67 LI across all grades of tumors. However, the differences among the means of each group were statistically significant (*P* \< 0.001) \[Tables [2](#T2){ref-type="table"}--[4](#T4){ref-type="table"}\]. Ki-67 LI did not vary significantly with respect to the age and gender of the individual.

![(a and b) Grade II astrocytoma (H and E, ×200); low proliferative index (Ki-67, ×200)](JNRP-7-510-g002){#F1}

![(a and b) Grade III astrocytoma (H and E, ×200); tumor cells showing intermediate proliferation, (Ki-67, ×200)](JNRP-7-510-g003){#F2}

![(a and b) Grade IV astrocytoma (H and E, ×200); tumor cells showing high proliferation (Ki-67, ×200)](JNRP-7-510-g004){#F3}

###### 

Distribution of Ki-67 labeling index in astrocytomas of various grades
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###### 

Comparison of Ki-67 labeling index between Grades II and III
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###### 

Comparison of Ki-67 labeling index between Grades II and IV
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Three cases of astrocytomas graded immunohistochemically did not show concordance with histopathological grade.

Discussion {#sec1-4}
==========

Astrocytic tumors have an inherited tendency to progress and recur. The accurate grading of astrocytic tumors is of prime importance because it is critical to the patient management and survival/outcome.\[[@ref6]\] Although internationally accepted WHO grading system of CNS tumors is based on the histological features of H and E stained sections, there are cases where differentiation between Grade II and Grade III is difficult particularly when the biopsy is small. The proliferative index derived from Ki-67 immunostaining has been found to be useful in the distinction between various grades of malignancy.\[[@ref2]\]

Pilocytic astrocytomas (Grade I) have distinct clinical, pathological, and prognostic characteristics when compared to diffuse astrocytomas (Grade II).\[[@ref2]\] In the present study, there was a single case of pilocytic astrocytoma located in the cerebellum and the Ki-67 LI was 0.02. A very low LI for pilocytic astrocytomas was noted and also no significant difference in LI between the pilocytic astrocytomas and diffuse astrocytomas was seen.\[[@ref2][@ref7][@ref8]\] No significant prognostic role has been observed for Ki-67 LI in pilocytic astrocytomas, and there is a limited role for Ki-67 LI in determining the diagnosis in pilocytic astrocytoma.\[[@ref2]\]

Most of the studies have found statistically significant differences in Ki-67 LI between low-grade (Grade II) and high-grade (Grades III and IV) astrocytomas.\[[@ref4]\] Although some studies have found a significant difference in Ki-67 LI between Grade III and Grade IV astrocytomas, others could not find a significant difference between them \[[Table 5](#T5){ref-type="table"}\].\[[@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\]

###### 

Comparison of mean Ki-67 labeling index with various studies
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Gemistocytic astrocytomas, though classified as Grade II tumors, generally show an aggressive behavior and are characterized by a low proliferative activity. The Ki-67 labeling is restricted to the small astrocytic cells. Gemistocytes lack proliferative activity, possibly indicating terminal differentiation, while small cells are the proliferating cells and their overall percentage may reflect the biological aggressiveness of these tumors.\[[@ref17]\] Ki-67 LI helps to identify gemistocytic astrocytomas of higher grade undergoing malignant progression. There was one case of gemistocytic astrocytomas, which was graded as II on histopathological examination, but turned out to be Grade III with a Ki-67 LI of 12.31 on immunohistochemistry (IHC). Therefore, it appears that gemistocytic astrocytomas should not be uniformly graded as Grade II but should be subdivided into Grades II and III neoplasms based on histological features and Ki-67 LI.\[[@ref17]\]

In the present study, anaplastic astrocytoma (Grade III) showed a mean Ki-67 LI of 6.58%, which included one case of anaplastic oligoastrocytoma (Grade III) with Ki-67 LI of 16.25%. Some histologically defined Grade II oligoastrocytomas do not fulfill the WHO criteria for Grade III oligoastrocytomas but display some histological features that are worrisome and seem more "atypical" than the ones seen in low-grade tumors. Oligoastrocytomas with intermediate grading features present a challenging issue for the neuropathologist and neuro-oncologist because of uncertainty in their natural history and biological activity. Quantitation of cellular proliferation has been shown to relate to the length of survival in patients with "pure" oligodendrogliomas and astrocytomas, though proliferation does not correlate with tumor invasion. However, the Ki-67 LI does correlate with tumor grade.\[[@ref18]\]

The mean Ki-67 LI of Grade IV tumors was 17.81%. Some cases of glioblastoma had LI as low as Grade II tumors, indicating that Ki-67 LI alone cannot be used as a diagnostic measure. We had two cases of gliosarcoma with Ki-67 LI of 11.8% and 4.8%. Furthermore, there was one case of small cell glioblastoma which had a highly monomorphic cell population. The Ki-67 LI was 20%. Small cell glioblastoma is an aggressive histologic variant that behaves like primary glioblastoma multiforme, even in the absence of endothelial hyperplasia and necrosis. Despite considerable morphologic overlap with oligodendroglioma, especially the anaplastic variant, the clinicopathological and genetic features of this tumor are distinct. Ki-67 plays an important role in recognizing these high-grade tumors which may appear innocuous on histopathology.\[[@ref19]\]

The present study showed a statistically significant difference between Grade II/III and Grade II/IV tumors. The measure of mitotic activity is very important in differentiating Grade II from Grade III astrocytomas, especially in stereotactic biopsies and in cases where the morphology is equivocal, thus indicating the need to measure the proliferative activity along with the WHO criteria for the diagnosis of these tumors. However, no statistically significant difference was found in Ki-67 LI between Grade III and Grade IV tumors implying that histopathology plays an important role in grading these tumors.

In the present study, immunohistochemical results of three cases of astrocytomas did not show concordance with histopathological grade. Three cases (two cases of anaplastic astrocytomas and one case of gemistocytic astrocytoma Grade III) were histopathologically diagnosed as Grade II astrocytomas, which on Ki-67 immunostaining showed higher LI consistent with Grade III astrocytoma. This implies that histological typing may under- or over-rate the actual biological behavior of astrocytomas.

The variations in the Ki-67 LI in various studies can be attributed to many factors such as fixative used, immunohistochemical procedures, especially antigen retrieval and interpretation of immunostaining. A low Ki-67 LI in high-grade astrocytoma could result from faulty sampling techniques and heterogeneity of the tumor. Retrieval of antigen can be better with hydrated autoclave treatment than with microwave treatment, which can result in higher Ki-67 LI possibly resulting from successful denaturation of formalin-fixed antigens.\[[@ref14][@ref20]\]

This study highlights that all histological low-grade astrocytomas may not actually be biologically indolent and it is in this particular subset of patients, IHC scores over histopathological grading. This category of patients with biologically aggressive behavior merits close clinical follow-up and serial neuroimaging to detect early recurrence and malignant transformation.

Conclusion {#sec1-5}
==========

The present study demonstrates that there is a highly significant correlation between Ki-67 LI and histopathological grading of astrocytomas. There was a gradual increase in the Ki-67 LI with an increase in tumor grade, though it varied from the proposed cut off values substantially within the grades. However, there was a statistically significant difference in between low-grade (Grade II) and high-grade (Grade III and IV) astrocytomas.

Furthermore, there was an overlap of Ki-67 LIs between the different grades. It was seen that the values of the glioblastoma group could be as low as those for Grade II tumors, indicating that Ki-67 LI cannot be used alone as a diagnostic measure.

Ki-67 should be used judiciously and in combination with other variables such as radiography, clinical status, and established histopathological features of anaplasia. Ki-67 LI is a very useful adjunct to the histopathological diagnosis and can be of great help *in situ* ations where there is a lack of correlation between histological diagnosis and clinical parameters.

Our study emphasizes that Ki-67 LI is not dependent on factors such as age and sex although the average level of Ki-67 LI varies considerably in the different grades of astrocytomas.
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